Introduction
Ever since Swaminathan and Natarajan (1956) proved that some of the vegetable oils could cause chromosomal breakages in cells, curiosity developed in knowing about the mutagenic activity of some of the spices and condiments which are used in cooking. The studies of Kalia and Dhillon (1964) have shown that asafoetida treated plants of Lagenaria seceraria gave increase in the proportion of pistillate flowers and in seed yield. Since asafoetida (an oleoresin compound from root latex of Ferula foetida Riegl) is used more prevalently in Indian houses the present studies were undertaken to study whether this gum resin can act as mutagen causing cytological aberrations, so that, if beneficial mutants with cytological stability could be obtained it may be used as an inexpensive and easily available mutagen.
Materials and methods
A commercial product 'Extra superior quality L. G. compound asafoetida', was used in the present studies. The main ingredients of asafoetida are resins, volatile oils, starch, crude fibre, ash and protein, asarisinotannol (C24H34O5) which gives on distillation 7 -hydroxycoumarin (Subrahmanyam et al. 1954) . Aqueous suspensions of the product were used in the studies.
Vicia faba, a species having six pairs of chromosomes was chosen for the study. Three different aspects were chosen to study the effects of asafoetida:
I. Mitotic studies in root tip meristems, II. Meiotic studies in pollen mother cells (in plants raised from treated seeds) ,
III. Meiotic studies in pollen mother cells (in plants raised from untreated seeds but injected with different concentrations and with 'water' alone). Seeds of Vicia faba were soaked for varying periods in 0.05%, 0 .1%, 0.2%, 0.3%, 0.4% and 0.5% concentrations of asafoetida and 'water' alone. Unsoaked seeds were used as control.
Sterile distilled water was used for making different concentrations . In respect of the items I and II referred above seeds were soaked for three different periods , viz., 24, 48 and 72 hours.
The seeds after the scheduled period of soaking were sown in germination trays for mitotic studies and in earthen pots filled with soil for meiotic studies.
In respect of IIIrd item of the studies, the asafoetida suspensions prepared were injected into the plants raised from untreated seeds . The aqueous suspensions were filtered through cotton wool so that the hypodermic needle used would not get blocked due to the residues in asafoetida.
The injections were given into the top-most internodal region when flower buds were just seen in the leaf axils. The injections were given to the plants which were raised from untreated seeds . The injection was followed by spraying of the same concentration of asafoetida with an atomizer each day for 10 successive days. Injections were given in the early hours of the morning while sprayings were done in the evening.
Collection of the flower buds was made from the fourth day after treatment for about 15days.
In this item of study there were seven treatments excluding the con trol.
For mitotic studies 10.30a. m. to 11.00a. m. was found to be the best time for fixing root tips.
For meiotic studies about 11.30 a. m. was found suitable for fixation of flower buds.
Fixation was done in Carnoy's (absolute alcohol: glacial acetic acid: chloroform in 6:3:1 ratio) fluid.
The root tips were treated with Warmke's solution for five minutes before making smears and stained with aceto carmine.
Observation
Mitotic studies (Item I). Cytological studies were confined to the meta phase and anaphase stages of cell division.
Fragmentation of mitotic chro mosomes was most frequently observed (Table 1 ). In some of the cells extreme fragmentation of chromosome as well as chromatid type was noticed. (Fig. 1) . Such cells were found in the case of 72 hours soaking period in different concentrations.
The breakage of chromatids was such that the breaks showed gaps in between them at short intervals retaining the linear outline of the chromatids. Eight of 2,528 anaphase cells were observed to have bridges, one in each of the treatments, 0.05%/24hr., 48hr., and 72hr., and water/24hr., and 48hr., and three in 0.5%/72hr.
One telophase cell in water/24hr., treatment was also found to have a persisting bridge.
In general, the frequency of abnormal cells in the different treatments was in a similar trend as in the case of cells with chromosomal fragments. somes. Laggards were seen in majority of the treatments. The frequency of occurrence of the abnormalities, however, was low. Meiotic studies of pollen mother cells in plants raised from treated seeds (Item II). Abnormal cells showing any kind of aberrations in meiosis are presented in Table 2 . (Fig. 2) . Unlike in the mitotic cells, absence of fragments in the tetraploid cells is a feature observed. Ploidy was highest in frequency in the 0.4% concentration as well as in 72 hr. soaking period, the frequency being 5.3% and 4.5%.
As in mitotic cells 'control'
and 'water' alone treatments did not show ploidy condition. Anaphase bridges:
Data on the frequency of cells showing different types of bridges such as single bridges, double bridges, triple bridges and chromatic bridges etc., put together are given below (Table 3) : (Fig. 3) . They were observed in the three different soaking periods and in most of the concen trations as well as in 'water' alone.
Triple bridges: The occurrence of the triple bridges was found in 10 out of 92 cells of anaphase I and only in the 0.3%/72hr. treatment. Cytomixis was the phenomenon casually observed in the meiotic cells of the plant (Fig. 9 ).
Meiotic studies of pollen mother cells in plants raised front the untreated seeds but injected with asafoetida (Item III): Other abnormalities: Laggards were found but in lesser frequency (in 16 out of 1,299 cells studied) unlike in the other meiotic studies . They were seen in the cases of 'control' treatment and in 0.4% of 'water' treatments. •~3400. 8, abnormal tetrad showing three normal sized nuclei and one small nucleus.
•~7500. 9, cytomixis in tetrads.
•~3400.
centrations increased fertility over control and water treatments. Higher concentrations gave increased sterility upto 27.9%.
Discussion
Several explanations have been offered for the occurrence of cytological aberrations of various types in plants. It is well known that many of the chemicals induce chromosomal aberrations causing mutations.
The most important and frequently occurring abnormality observed in all the treated material was chromosome and chromatid breakage. Chromosome breaks were both in euchromatic and heterochromatic segments and it might be suggested that asafoetida interfered with ribonucleoprotein metabolism in secondary constriction regions as indicated by Sharma and Chauduary (1963) who used resorcinol on Vicia faba. Since chromatid breaks also were noticed it might be said that the effect of asafoetida was at random unlike that of chemicals like NaHCo3 (an uncoiling agent) and also quite different from the EMS which produced only chromatid aberrrations in Vicia faba (Mukherjee 1961).
The occurrence of high frequency of fragments observed in the present studies may be compared with the results of Sharma and Sharma (1960) who used coumarin and also with that of Ockey (1957) who used proflavin. Subrahmanyam et al. (1954) reported that asafoetida contains umbelliferone (a 7-hydroxy coumarin) which is sparingly soluble in water but highly soluble in alcohol. Asafoetida contains about 20% alcohol and probably the high fragmentation caused by the asafoetida must be due to the coumarin molecule present in it.
Fragments might arise due to stickiness of chromosomes and consequent failure of separation of chromosomes.
Although anaphase movement of chromosomes is not prevented, fragmentation might give rise to irregular separation of chromatids in anaphase.
They might arise due to crossing over between pieces of chromosomes and translocation. Non homology and ir regular pairing were reported as real causes for breaks.
Revell (1952) postulated two theories for occurrence of breaks by chemical mutagens. The series of breaks along the lengths of chromosomes (erosion) is due to non specific and non localised action of chemical.
Tetraploidy was more prevalent in 0.4% and 0.5% in 48 and 72hr. soaking periods.
The 48hr. soaking period could produce 60% of the total tetraploid cells. It is, therefore, evident that the highest concentration (0.5%) and the 48hr.
soaking period were more congenial for development of tetraploid condition.
Clumping of chromosomes was rather seen in case of seeds treated with 0.5% for 72 hours.
Some of the other chemicals which produced stickiness were 8-ethoxy caffeine (Kihlman 1955) , urethanes (Bruhin and Wanner 1954) and potassium cyanide (Lily 1958). Stickiness is considered to be due to physiological effect by radiations or chemicals, and may result in fragmentation of chromosomes from the stress of anaphase movement or in bridge formation when the chromosomes fail to separate. It is certain asafoetida is capable of causing stickiness in metaphase and anaphase stages and may be a potential source for bringing in new translocations and consequent changes in the nucleus set up. Laggards and irregular orientation of chromosomes were observed and they were all due to failure of spindle mechanisms caused by the chemical. The 'water' alone could also cause some abnormalities in root tip cells as well as in PMCs. Rieger and Michaelis (1959) and Sharma and Sen (1954) also reported development of abnormalities in root tip cells of Vicia faba due to 'water'.
Aberrations noticed in 'water' treatment in the present studies might be due to the automutagenic substances released into water from seed coats of the Vicia faba seeds as reported by Sharma and Sen (1954) , Rieger and Michaelis (1958, 1959) and Dubinin and Scerbakov (1962 
Summary
Cytological observations in Vicia faba using asafoetida revealed that asafoetida could cause aberrations and be used as a mutagen. About 0.1% to 0.2% of natural mutations do occur in Vicia faba. Since water treatment caused some aberrations it may be presumed that certain chemicals which are present in seed coat of Vicia faba must be soluble in water and in turn acting as automutagenic substances. Coumarins cause mutations. Since asafoetida is having umbelliferone which is 7-hydroxy coumarin it must be acting as a mutagen. So asafoetida can be used as a cheaply available mutagen. But how far this mutagen can be used in boosting up Agricultural production needs further investigation.
